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The agricultural lands, productive, unpolluted, are both a value in itself and a guarantor of the human health. We speak 
today, more than ever, about occupational safety and food security, the genetically modified organisms and organic 
agriculture. In this paper, the authors make an analysis of the regime of micronutrients (manganese and copper) for the 
soils of the perimeter area Baia Mare, disposed radially over a length of 2.592 kilometres, along the Săsar river to the 
confluence with Lăpus river, who are under the influence of the tailings from nearby mining waste deposits. Because 
these lands are planted with corn, the values obtained from analysis were compared with limit values for heavy metal 
pollution under the Order no. 756/1997 for the soils with sensitive use and limit values of micronutrients in the active 
form, provided in the Methodology Soil Studies of Institute of Pedological Research and Agrochemical from Bucharest. 
Research results show that in terms of soil quality status and the level of knowledge the processes of accumulation and 
transfer that occur in these soils is higher, facts that prove that the protection of soil and thus the human health of area 
can be properly addressed. 
 






Baia Mare Depression is located at the contact 
of the three major relief units, respectively,      Oas - 
Gutâi Mountains in the N - NE, Tisa Plain in the N - 
W and Somesene Hills in the S - SE. Baia Mare 
city, the Maramures county capital, situated in this 
depression area is presented, from the geological 
point of view, like a deposit of sedimentary rocks, 
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Under morphographical report, Baia Mare 
area has shaped waves, resulting from association of 
valleys and interior rivers that descend gently in the 
bottom of the basin, to the confluence of Somes 
river with Lăpus river, being a typical area of 
hydrographic convergence [1, 5, 11].  
The activities of extraction, processing and 
preparation of complex ore from the mining basin 
Baia Mare left behind tens of dumps and mine 
tailings ponds, located mainly in the river valleys 
from this area. Thus, in the west part of Baia Mare 
city is located a well known triad of ponds: the old 
Săsar tailing damp - removed from use in 1982, 
Remin - removed from use in 2006 and Aurul pond, 
in conservation. The latter is the only pond whose 
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surface is waterproofed at soil contact with a 
geotextile membrane (fig. 1). These soils, situated 
near these ponds are private property and are 
constantly used as agricultural lands. The influence 
of the tailings from these mining waste deposits, 
which contain heavy metals is largely unknown, 
because of the complex processes taking place 
mainly under the influence of climatic factors, thus 
presenting a major impact on their quality status. 
  
 
2. Place of research  
 
Many studies made over time have enabled 
the development of maps with polluted areas from 
the Baia Mare city surroundings [1, 7, 10].  
In this areas is represented the Recea 
township, especially Săsar and Recea villages, as a 
result of long time storage activities of the tailings 




Figure 1. The place of research and sampling points (Source: Google Earth) 
 
 
Recea township is situated at 5 km West of 
the city of Baia Mare and has five adjoining 
villages: Recea, Săsar, Mocira, Lăpusel and Bozânta 
Mică. From the 3508 hectares of agricultural land 
situated on the territory of the commune, 1770 ha, 
representing 50.46%, are arable land. On these lands 
is practiced mainly the culture of maize. As shown 
in the figure, an important agricultural area is 
located on the left bank of the Sasar river, in the 
angle of confluence with Lăpus river. In this area, 
over a length of 2.592 kilometers along the left bank 
of the Săsar river, we have selected the sampling 
points (table 1).  
The geographical coordinates of sampling 
points were scored at sampling, using a Garmin 
GPS device type „Trex Legend - Travel”. 
 
Table 1. The geographical coordinates of the sampling points  
No. Sampling points Geographical coordinates 
1 Recea (at out of the village Săsar) 47º38’28,00" N; 23º28’39,00" E 
2 Recea (in the loop who separating the two ponds) 47º38’14,00" N; 23º22’11,00" E 
3 Recea (parallel with the Remin pond) 47º37’56,00" N; 23º28’10,00" E 
4 Recea (confluence of the Săsar r. with Lăpuş r.) 47º37’27,00" N; 23º27’41,00" E 
 
 
3. Working method 
 
In our research area, the terrace of river, soil 
type identified is Preluvosol Stagnic (Class 
Luvisols), stagnogleizat moderate clay/clay - clay, 
on the clays noncarbonated, arable, moderately 
tamping [6]. 
The soil samples were collected in accordance 
with STAS 7184/1-1984, in March of 2011. Four 
samples of soil were taken, from 0 - 20 cm depth, of 
the 4 points arranged parallel with the Sasar river, 
radially front of the source of pollution, respectively 
from the boundary of the Sasar village, to its 
confluence with the Lăpus river. 




For analysis we considered the following indicators: 
pH, iron, manganese and copper, using metrological 
and calibrated checked equipment as follows: 
 pH was measured using a WTW pH meter, 
type InoLab730, in an aqueous solution,  
 in a ratio of 1/2.5; 
 the metals (iron, manganese and copper) 
were determined by flame atomic 
absorption spectrometry and graphite 
furnace with a Perkin Elmer atomic 
absorption spectrometer, type AAnalyst 
700. 
 
4. Results and discussion 
The indicators considered were determined in 
accordance with the analysis standards in force, and 
the obtained values have been reported to the values 
from Order no. 756/1997 - Annex no.1, for soils 
with sensitive use and those of the Methodology 
ICPA Bucharest.  
  
4.1. Reaction of the ground (pH). 
Determining the pH of the soil samples taken has 
been done in accordance with STAS 7184/13-88, in 
aqueous solution, in relation soil/water = 1/2.5. 
Interpretation of results was performed in 
accordance with the classification limits stipulated 
by the Methodology ICPA, Bucharest [7]. Thus, soil 
samples fall within the category [4, 6]: weak acid, as 
shown in table 2. 
 





The interpretation of 
results 
1 Recea 5.044 Moderately acidic 
2 Recea 5.146 Moderately acidic 
3 Recea 5.364 Moderately acidic 
4 Recea 5.359 Moderately acidic 
 
4.2. The regime of micronutrients.In terms 
of legislation in force concerning the methods for 
determining the specific toxic pollutants from soil, 
the metals are determined by atomic absorption 
spectrophotometry, in accordance with the standard 
analysis ISO 11047-1999 - the total form and the 
values were reported at the values specified in the 
Order no. 756/1997, Annex no. 1 [8]. 
In terms of the regime of micronutrients, 
including the availability of their transfer in trophic 
chains, the traces of metals from soil can be 
determined in their soluble form (mobile, easy 
assimilated for the plants) by simultaneous 
extraction method in  combined solution of EDTA 
0.01 M - CH3COONH4 1N at pH = 7.00. 
Interpretation of data obtained from this analysis 
was performed in accordance with the Romanian 
Methodology [7]. 
 
4.2.1.Mangannese.Manganese is one of most 
important components of soil, because this metal is 
essential for the plants nutrition and control of the 
microbial activity of the soil [2]. This is one of the 
most abundant trace elements in the lithosphere. Its 
presence is common in various types of soils and in 
a large interval of concentrations, from 350 mg/kg 
to 2000 mg/kg and is closely related to the 
geochemical processes of iron, so its natural cycle 
follows the natural cycle of iron [3]. 
Regarding to its mobility, it is known that the 
manganese can to be highly mobile at acidic pH of 
soil. In conditions of poorly aerated soils with pH >  
6.0, or well drained soils with pH < 5.5, the mobility 
of manganese increases and becomes readily 
available for plants [3]. It is also unanimous 
accepted and proven that its mobility is closely 






Figure 2. The concentration of manganese in both forms: total and active 





Compared to the values imposed by the Order 
no.756/1997, Annex 1, the results from analysis 
showed that 50% of samples exceed the normal 
value of total manganese concentration, but below 
the warning threshold.  
All the samples have the values of the soluble 
manganese below the normal values set forth in  
Order no. 756/1997 (fig. 2) [7]. 
The study of simple correlations between the 
soil reaction and the amount of manganese, total and 
mobile forms, reveals a strong correlation, both the 
mobile manganese (R2 = 0.9218) and the total 





Figure 3. The simple correlation between the pH of soil and both manganese forms 
 
Also, given that the natural cycle of 
manganese is closely related to the natural cycle of 
iron, the correlation coefficient shows values close 





Figure 4. The correlation between the concentration of iron and both forms of manganese 




This confirms, both the known data from 
the literature and the fact that these cycles are 
proceeding normally in studied area. 
 4.2.2.Copper. Copper is assimilated by 
plants in the form of Cu 2 + ions, is slightly mobile 
and strongly linked to nitrogen and protein [3]. 
Together with the iron, participates in the process of 
respiration of the plant. Numerous studies 
concluded that the plants growing on polluted sites 
tend to accumulate the copper [2].  
In terms of the total average content of the 
copper in different soil types are reported values 
between 20 and 30 mg/kg [3].  
But, are reported the minimum values of 8 mg 
Cu/kg in coarse-textured soils and the maximum 
value of 250 mg/kg. In general, it is considered that 
a content of less than 10 mg Cu/kg soil indicate a 
deficit of this element [3].Regarding the mobility 
of the copper, his mobility in the acid soils is 
higher than in neutral or alkaline soils and it can 
also persist for a long time [3]. The analysis 
results conducted and reported to the values 
specified in the Order no. 756/1997 showed 
that, in all samples, the concentration of the 
total copper exceed the normal range, but below 
the alert threshold values (fig. 5). 
The regression analysis of experimental data 
show linear and strong relationships between the pH 
of soil and copper concentrations in both forms (fig. 
6), and also between the concentration of iron and 










Figure 6. The simple correlation between the pH of soil and both copper forms 
 







Figure 7. The simple correlation between the iron and both copper forms  
 
 
In both cases is a noticeable decrease in 
copper concentrations with increasing soil reaction 




 In accordance with national laws in force, we 
can conclude that: 
 50% of the samples have the concentration of 
the total manganese above the normal value, 
but below the alert threshold; 
 all the samples have exceeded the normal value 
for total copper, but below the alert threshold. 
 The values of the Cu and Mn in their active 
form do not show significant high values of the 
maximum levels allowed and no present 
significant variations in studied area. 
 The correlation of the coefficients confirms the 
data from the literature, according to which the 
natural geochemical cycles of manganese and 
copper are closely related to that of iron. 
 The mobility of the manganese and the copper 
on Preluvosol soil type is evidenced by our 
research, but the absence of detailed studies on 
the accumulation of these metals in plants 
causes us to be reserve in statements 
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